United Nations Children's Fund (WHO/UNICEF), some 3 in 10 people worldwide, or 2.1 billion, lack access to safe, readily available water at home, and 6 in 10, or 4.5 billion, lack safely managed sanitation (2017a).
The costs of meeting the WASH targets by 2030 will be substantial and much higher than sector investment levels during the MDG era . According to recent studies commissioned by the World Bank, meeting SDG targets on extending access to water and sanitation services alone will require average capital expenditure of US$114 billion per year between 2015
and 2029, which is several times past levels of investment in the sector. At the same time, governments and donors already invest about $16 billion a year in the sector.
The immense scale of the SDG financing gap calls for innovative solutions. In addition to finding additional funding from traditional sources (taxes, tariffs, and transfers), and perhaps from non-traditional sources (for example, carbon finance) to fill the gap, another approach is to explore ways to deliver the needed infrastructure more efficiently and effectively (capital expenditure efficiency) to reduce the gap-the focus of this report. Regardless of the SDGs, the approaches presented here can be applied to existing government/donor investment to maximize their impactdelivering more benefits from the existing levels of investment.
Capital expenditure efficiency (CEE)-the efficient and effective use of capital-is less documented compared to operational efficiency and is the relationship between the costs of building a portfolio of assets relative to the number of people served and the quality of service provided. Although the need for improving operating efficiency is frequently highlighted (for example, by emphasizing the need to reduce water or energy losses) and readily evaluated (this year's costs compared to previous years), the potential scope for generating capital cost efficiencies is poorly understood, frequently overlooked, and more difficult to evaluate, even though the scale of such potential savings can be significant-in fact, capital costs and operating costs are equally important when considering the full cost of service delivery.
This study investigates the ways in which CEE can be improved in the water and sanitation sector. It collected a range of case studies that show the "art of the possible" rather than some theoretical construct. Even within this narrow remit, the report cannot be considered encyclopedic-there are many more examples that could surface from a deeper and more comprehensive study. The study also does not attempt to quantify the total savings possible through increasing CEE, nor does it look at upstream capital allocation and the opportunities to improve outcomes through better prioritization of available funds. Although it identifies examples of CEE, the report does not attempt to identify the root causes for why such examples are not more widely adopted by practitioners. Is it through ignorance, inertia, incentives, or some other reasons?
The report does, however, shine a light on a range of practical opportunities available to governments and donors to introduce greater CEE into the sector. The goal is to provide sufficient material to gain the attention of policy makers. This would lead into a more comprehensive analysis of the opportunities for CEE and how it can be operationalized through policy and regulatory incentives or through improved capital planning procedures.
Executive Summary viii Better Use of Capital to Deliver Sustainable Water Supply and Sanitation Services
However, almost all the examples presented in this report
show capital savings in the order of 25 percent or more compared to traditional solutions. This alone should give policy makers, donors, and utility managers pause for thought and encourage them to seek ways to develop CEE in their sectors, projects, or utilities. A 25 percent improvement in CEE would allow existing investment levels to deliver a 33 percent increase in benefits.
As noted in the report, a contributing factor to the general lack of attention to CEE is the perception that capital funding in many developing countries is "free." This is an erroneous assumption caused by the fact that WASH capital assets in developing countries are often funded by public budgets or official development finance (ODF), 1 with funding provided to the end user at no or low cost. In developed countries where utilities account for the full cost of service delivery, the debt service to repay the loan associated with capital costs are significant. For example, for water utilities in England and Wales (United Kingdom), capital costs amount to an average of 49 percent of total costs. 2 Utility managers and planners in developing countries would likely be more attuned to improving CEE if they were faced with financing the full cost of asset creation.
In summary, this work provides a "taster" on CEE and its importance in the sector. As a result, no firm set of recommendations are provided 3 except to exhort practitioners to be more active in considering opportunities for CEE in their policies, sector investment plans, and project designs.
However, the examples presented here should be sufficient to encourage the initiation of a deeper and more comprehensive analysis of CEE. This might cover a broad range of issues including the following:
• Note: WASH = water supply, sanitation, and hygiene.
providing SDG "basic" WASH services and would have to be increased several times to meet the cost of "safely managed" services.
Objective of This Report
With governments and donors already investing large amounts of money into the water supply and sanitation sector (approximately US$16 billion per year), and with the SDG investment needs being several times higher, some basic questions need to be asked by practitioners and policy makers alike.
First, do governments get full value from the investments they currently make?
Second, how will the massive SDG financing 1 gap be bridged?
The answer to the first question is probably no-based on anecdotal observations around the world of assets that are overdesigned, that are underutilized, or that do not reach their full economic life. However, it is also true that little attention is paid to this important aspect of development. Practitioners frequently discuss improving operational efficiency but, given that capital costs amount to some 50 percent of total costs of service provision, a better understanding of the opportunities to reduce wasteful capital spending is equally vital for the sector-especially when investment funding is constrained. For governments and donors, the inefficient use of capital means that social and economic benefits are foregone and that governments' (or service providers') economic (or financial) rates of returns are reduced. In other words, more efficient use of existing finances could deliver significantly better results.
The answer to the second question requires a broader response that might be considered in three possible solutions:
• Mobilize additional sources of finance and thus fill the financing gap.
• Lower the capital costs of meeting the SDGs and thus reduce the financing gap.
• A mix of the two to both reduce and fill the financing gap.
The World Bank has written extensively on the scale of the financing gap and opportunities to fill it (Bender 2017; Kolker and others 2016; Leigland, Trémolet, and The report provides practical insights for policy makers, project designers, and donors on how capital investment costs can be reduced while still achieving the required outcomes through a range of different strategies. However, the report does not claim to be encyclopedic (there are many other opportunities for CEE), nor does it attempt to quantify the total savings possible through increasing CEE (for example, to meet the SDGs), nor does it look at capital allocation and the opportunities to improve outcomes through better prioritization of available funds at the national or service provider level.
The report does, however, shine a light on a range of practical opportunities available to governments and donors to introduce greater CEE into the sector. The goal is to provide sufficient material to gain the attention of policy makers. This would lead to a more comprehensive analysis of the opportunities for CEE and how they can be operationalized through policy and regulatory incentives, or through improved capital planning procedures.
The authors are aware that many practitioners believe that efficiency should be determined through minimizing whole life (operating and capital) costs. However, this is a relatively sophisticated approach-hence the separation of operational and capital costs (and their associated efficiencies) is considered appropriate at the current time. The approach to regulation of the water sector in England and Wales adopted such a differentiated approach for almost 20 years before moving to a more integrated "total cost" approach. This reflected the reality that, early in the regulatory regime, there were many efficiencies to be gained in both operating and capital costs. Only once the inherited inefficient capital and operating practices were reduced was the move to more sophisticated approaches warranted (box 1.1). This seems to be equally applicable to the situation faced today in developing countries
The remainder of the report is structured as follows:
• Chapter 2-Overview of capital efficiency, including definitions, concepts, and application.
• Chapter 3-Approaches to improving CEE in the water sector based on international examples.
• Chapter 4-Conclusions and suggestions for ways forward to increase the adoption of CEE within the sector.
Note
1. In this case, financing strictly includes both funding (taxes, transfers, and tariffs) and financing (borrowing is repaid using the different sources of funding). For simplicity, the term financing is used in this report to mean-interchangeably by context-funding, financing, or both. 
Definitions and Concepts
Capital efficiency is a term commonly used in the financial industry and is defined as a financial ratio that measures the profitability and efficiency with which capital is applied in a sector (Firer and Williams 2003; Enqvist, Graham, and Nikkinen 2014; Muritala 2018 
Selected Examples of Application in Other Sectors
There is general awareness of capital efficiency in many sectors, although its application can be chal- 
Process-Based Framework for Capital Efficiency
Regularly review strategic direction in the light of observed performance.
Strategic review
Organize and balance on-the-ground resources to execute on portfolio by demand planning.
Resource balancing
Select initiatives with the biggest value considering strategy and resource constraints.
Portfolio optimization
Track budgets, timelines, benefits, and value creation.
Value performance
Deliver quality investment with strong project management fundamentals.
Delivery and execution
Implement procedures to quickly course-correct in the face of unexpected events.
Capital agility Capital efficiency
Identify, assess, and communicate strategic priorities, core capabilities, and deal strategy.
Corporate strategy
Identify optimal capital structure to articulate financial policy and determine capital budget.
Finance strategy
Establish budgeting authority at corporate and business unit levels.
Budgeting authority
Develop standard processes and governance in support of capital decisions.
Capital processes
Collaborate to create and consider a broad slate of investment options (core projects, innovation, and deals).
Investment options
Standardize valuation templates for both financial and strategic benefits. Note: ROI = return on investment.
unlocking larger returns is disciplined consideration of spending alternatives. Finally, it is important to structure the operating model in a way that will optimize returns.
Capital Expenditure Efficiency in the Water Sector
As has been highlighted in the introductory sections, it will be essential to consider reducing capital costs through improved effectiveness/efficiency as part of the overall water supply, sanitation, and hygiene (WASH)
sector financing strategy to meet the SDGs. More can be achieved for less cost-as will be revealed in the next chapter. In commercial organizations, the amount of capital available is limited, and any associated financing costs have to be recovered from the return on invest- • Capital is rarely allocated based on a rigorous cost benefit analysis. Instead allocation is more likely to be driven by political or equity considerations.
• Capital is often provided free or at below market rates to the service providers. Thus the "cost of borrowing" is distorted and a utility is agnostic as to whether it spends $100m or $125m of Government • Customers have little voice to influence the quality of service delivery and any service gaps are filled by self-provisioning or by private sector entities.
These weak or perverse incentives, coupled with lack of human capacity, mean that opportunities to maximize value from available capital are rarely exercised in the water sector. Yet there are significant opportunity costs associated with this inefficient use of funding-especially so, given the fact that this funding could have been utilized to provide WASH services to many other people currently without adequate access;
and that official development finance (ODF) is finite. Acquisition and optimal use of these funds will enable the water utility to further extend infrastructure services and provide services to larger populations.
Improved efficiency will lead to improved service quality, which will in turn lead to higher willingness to pay (WTP) for the WASH services, as well as higher cost recovery (Kayaga, Franceys, and Sansom 2004) . All of this leads to more infrastructure assets to extend services to the hitherto unserviced populations.
As will be seen in the following chapter, CEE in delivering new water and sanitation assets involves selecting the most cost-effective investment approach toward a defined target, improving procurement efficiency, and optimizing how the project is delivered. Some 10,000 condominiums were created as points for community engagement and for each specific branch network. Although there was no connection charge, households were responsible for the internal works needed to replumb their latrines so that they drained into the condominial network. Where households chose to assume responsibility for the maintenance of the condominial branches, they received a 44 percent discount on the sewerage tariff. This has proved to be a popular option. As the networks were developed on a case-by-case basis in a city with many distinct geographies, overall numbers disguise appreciable variations at the condominial level.
By 2000, 30 percent of households were connected to sewerage services. 
Use of Simple, Robust, and Low-Cost Technology
The level of technology needs to be matched with the existing social, cultural, and economic status of the beneficiary communities. In some cases, simple technological options are preferred to their more complex counterparts given that they are more robust, easy to operate, more cost-efficient, and they have a higher level of maintainability-that is "the ability of an item, under stated conditions of use, to be retained in or restored to a state in which it can perform its required functions, when maintenance is performed under stated conditions and using prescribed procedures and resources." 
Optimized Project Design and Management
Good data and planning practices are a prerequisite for optimal project designs. Feasibility studies should be
BOX 3.3. Using Low-Cost Pumps Designed for Community Operation and Upkeep in Africa
Pump Aid (pumpaid.org) provides water to 500,000 people in Malawi through 4,000 Elephant Pumps. In total,
1.35 million people are served by 9,600 Elephant Pumps in Malawi, Zimbabwe, and Liberia. Hardware costs £900 with a total cost (including well digging, staff costs, local capacity building, and fuel) in Malawi of £3,070 per installation, or £25 per person. This is 60 percent less than conventional water pumps, plus the Elephant Pumps are designed to be significantly easier to maintain and have longer operational lives.
Only sites where groundwater recharge will at least match the overall rate of water withdrawal are used.
Manufacturing of the concrete and metal parts is carried out as close to the site as is feasible. There is no branding on the hardware, as Pump Aid has found that people assume that branded hardware is owned by other people and thus they are not responsible for the pump's maintenance. The community is trained to operate and maintain each pump. A Water Point Committee is elected by the community to raise the funds needed for future maintenance and repairs. The pumps are designed so that they can be maintained using locally available materials with local labor through a network of artisans and welders. In Zimbabwe, it was found that 90 percent of pumps were still functioning seven years after Pump Aid left the country. There are also periodic site visits to check groundwater levels and quality, and procedures that can mobilize a repair team for major breakdowns such as a collapsed well.
Source: Pump Aid 2013.
BOX 3.4. Cutting Fecal Sludge Management Costs in Senegal
In Dakar, Senegal, a financial comparison was conducted between i) a sewer-based system with activated sludge and ii) a fecal sludge management (FSM) system with on-site septic tanks, collection and transport trucks, and drying beds. The annualized capital for the sewer-based system was US$42.66 per capita per year-10 times higher than the FSM system at US$4.05 per capita per year. The annual operating cost for the sewer-based system was US$11.98 per capita per year compared to that for the FSM system at US$7.58 per capita per year.
The combined capital and operating for the sewer-based system was US$54.64 per capita per year-five times higher than that for the FSM system at US$11.63 per capita per year.
In Dakar, costs for the sewer-based system are almost entirely borne by the sanitation utility, with only 6 percent of the annualized cost borne by users of the system. In addition to costing less overall, the FSM system operates with a different business model, with costs spread among households, private companies, and the utility. Most of the costs pertaining to the FSM system are, for example, borne at the household level. Thus the sewer-based system was 40 times more expensive to implement for the utility than the FSM system. The results of the study illustrate that in low-income countries, vast improvements in sanitation can be affordable when employing FSM, whereas sewer-based systems are prohibitively expensive. 
Efficient Procurement
Procurement is the act of obtaining or buying goods and services. Inefficient procurement results in paying 
continued
The Orangi district is well-situated for a project of this nature. It forms a substantial and relatively contiguous urban area, which means that it benefits from economies of scale as the project expanded across the area and it is built upon a natural slope, obviating the need for some sewerage piping for connecting to the trunk sewer. As it is a well-established settlement, with many families living there for two or three generations, it has a settled and relatively skilled workforce. Also, having acknowledged owner occupiers makes community support easier to obtain as they have a personal stake in the project. Saeed (2016) the services through a single call. By using a standard- The initial phase of the program focused on appreciating peoples' needs and concerns. Latrines were seen as desirable-but as a luxury rather than a necessity-demonstrating the need to explain the benefits of safe sanitation. Supply chain operators were incentivized to provide a one-stop-shop service, and households were advised that prefabricated concrete rings offer the same performance in septic tanks as concrete or red (clay) bricks. Using prefabricated well rings to make a septic tank lowers the cost of building a latrine in Vietnam from US$138 (D4.1 million using traditional red brick or D2.3 million using cement brick) to US$80 (D1.8 million).
As shown in table B3.7.1 below, by using cement for the basement and walls, along with a tiled roof and concrete rings, the cost of a permanent latrine was D3.5 million instead of at least D5.3 million using traditional, high-cost components. In addition, the prefabricated units are appreciably easier to align, ensuring that the two tanks are effectively connected.
The project involved deploying more than 1,000 health staff and sale agents and 10 specialist sanitation entrepreneurs. During the 20-month period from mid-2013 to mid-2015, access to hygienic sanitation in the province rose from 27.7 to 48.4 percent against a national increase of 1.9 to 2.0 percent per annum. In addition, 71 percent of people surveyed in the area in 2015 stated that they planned to construct a latrine with 41 percent within the next year compared with a baseline of 7 percent. The chief concern remains affordability for poorer households; coverage rose from 18 to 24 percent for the poor against 34 to 60 percent for the non-poor. 
Effective and Efficient Capital Maintenance
Assets that are not properly maintained do not reach their full economic life and reduce CEE -requiring new assets to be built prematurely or curtailing the expected benefit stream from the asset. Maintainability of the assets needs to be considered from the inception phase through the project life cycle. Issues to be considered include robustness of the plant and equipment; efficient supply chain of spare parts; skills and competencies of the operation and maintenance staff; availability BOX 3.8. Victoria, Australia: Rules for Project Procurement
The government of Victoria, Australia, has a clear probity policy that outlines procedures that must be followed by all government departments involved in procuring goods and services. Along with outlining anti-corruption principles to be incorporated in internal departmental processes, the probity policy provides for two key types of probity surveillance:
Probity Advisors -These advisors can be departmental staff or external consultants. They are generally individuals with experience and expertise in tendering and contracting and with good practical knowledge of probity issues. Probity advisors can play a key role in developing probity plans (required under the policy) and other procurement documents, and they may provide training for staff on probity principles and guidelines.
Probity Auditors -These are independent consultants with extensive experience in probity evaluation. They are generally hired for high-value transactions or for procurement where the services involved are complex or contentious or the nature of the market place makes bidder grievances more likely. The probity auditors can advise the government on probity-related issues during a tendering process, and they independently scrutinize (and report on) whether the tendering process adheres to the prescribed probity processes. and an overall enabling environment in the organization for effective maintenance management.
Water pipes make up the majority of asset value in a water supply system. The prevalence of high levels of physical leakage in the sector is an indicator of poor operation and maintenance of these pipes resulting from a long response time to repair leakages; no or poor active leak detection; no or poor pressure management of the distribution system; and no systematic methods of maintenance, replacement, and rehabilitation of the piped network components. As a result, the sector faces two challenges: addressing the backlog of leaks that have accumulated over time and maintaining low levels of leakage once the backlog has been
fixed. An innovative performance-based contracting (PBC) model was used in Ho Chi Minh City, Vietnam, to tackle this issue (box 3.9) and which resulted in limited replacement of the pipe network thus making considerable capital savings. In addition the lower leakage levels meant that investments to expand production capacity could be reduced -another capital saving.
Further examples are being developed as part of a World Bank initiative to reduce nonrevenue water (NRW) worldwide (Kingdom, 2006; . For a different part of the network, SAWACO implemented a traditional project for leakage reduction, with remuneration based on inputs instead of outputs. SAWACO chose to implement both projects at the same time to learn the strengths and weaknesses of each approach. The results from the PBC are as follows:
• Savings of 122 million liters per day (MLD) of water after 6 years, which improved reliability of supply and allowed new customers to be connected
• Establishment of 119 district metered areas (DMAs)
• Savings of about US$100 million of capital expenditure on alternative water supply sources (using typical benchmark costs, a new supply of 122 MLD could have cost around US$120 million compared to the NRW-PBC cost of US$15 million)
• Repair of more than 15,000 leaks NPVs (net present value) of two approaches to ensure an asset's notional full economic life of 30 years. In the first approach, design, build, neglect, rebuild is followed, and the asset achieves a life of only 15 years and has to be rebuilt at year 15. In the second approach, design, build, maintain is followed by providing adequate maintenance funds (assumed at 2 percent of capital costs per year) to ensure that the asset reaches its full economic life. Although simplistic, this model illustrates the point that design, build, maintain is a more cost-effective solution than design, build, neglect, rebuild.
Thus, improved operational management can have a direct impact on capital expenditure efficiency-that is, CEE is not just about initial capital expenditure (CAPEX) but is also dependent on good operations and maintenance.
Incentive-Based Approaches Toward Capital Expenditure Efficiency
The adoption of good CEE practices outlined in the previous sections will all help drive down capital costs. 
U.S. Cost Savings through DB and DBO Contracts
Capital spending projects are usually carried out through the design-bid-build (DBB) process, where the utility designs and operates the new assets and invites companies to bid for the construction process. In design-build (DB) projects, the utility offers to both design and build the assets, thereby creating an environment for more innovative approaches. Design-build-operate (DBO) takes this a step further and adds operation of the new assets for a fixed period of time (Culp 2011 
End-Use Water Demand Management
Water demand management (WDM) is the "development and implementation of strategies, policies, measures or other initiatives aimed at influencing demand, to achieve efficient and sustainable use of the scarce water resource." (Savenije and Van den Zaag, 2002) Implementing WDM measures, though an operational activity in nature, is an alternative to augmenting water infrastructure assets and, as a result, reduces the The reduction in allowed capital spending in the final determination compared with the company business plans was 26 percent in PR99, 19 percent in PR04, 9 percent in PR09, and 1 percent in PR14 (PR14 is for combined operating and capital spending). Since 2010, Ofwat has favored innovative techniques in order to push efficiency forward. They have moved from separate CAPEX and OPEX targets to a combined TOTEX spending target to encourage companies to explore how CAPEX and OPEX work together increase efficiency-thus, companies are not constrained if spending more on OPEX improves CAPEX by a greater degree or higher CAPEX spending results in outperformance in OPEX. Ofwat 1994 Ofwat , 1999 Ofwat , 2009 Ofwat , 2014 . The new tariff structure that became operational in 1995 was composed of service charge and variable volumetric charge components, which were designed to match the socioeconomic attributes and consumption habits of the population while achieving revenue sufficiency. Furthermore, AYTO offered economic incentives to households that reduced their consumption rates. For instance, if households reduced consumption by at least 40 percent in the first year of joining the plan they were entitled to a 10 percent discount on their bill. In subsequent years, they were expected to reduce consumption by 10 percent per annum in order to benefit from a similar price rebate.
As a result of these economic instruments, there was a 14 percent reduction in the city's water demand between 1996 and 2004, though the population increased by 6.3 percent in the same period.
Source: Kayaga and Smout 2011.
Overview of Options for Capital Expenditure Efficiency
This report set out to illustrate how a sharper focus on capital expenditure efficiency (CEE) can help countries achieve Sustainable Development Goal (SDG) Targets 6.1 and 6.2 by reducing the financing gap identified in chapter 2. Whereas operational efficiency has always been prioritized by donor agencies, policy makers, and practitioners in the water supply, sanitation, and hygiene (WASH) sector, CEE is less visible given that the impact is "prospective" (that is, it delivers savings against an estimated future capital requirement) and that official development finance (ODF) is often con- The suite of options to be implemented would depend on the contextual factors of the environment in which the water utility is operating. It should, however, be noted that all these measures are components of an overall CEE strategy, which should be mainstreamed into the sector or the utility's corporate strategic plan.
These components are described earlier in this report and summarized below.
Adopting CEE as part of utility or sector strategic planning provides a foundation for its widespread adoption in projects and may also introduce sector-wide changes through, for example, consideration of more decentralized approaches compared to traditional centralized models of service delivery. I m p r o v e d s t r a t e g ic p l a n n in g O p ti m is e p ro je c t d e s ig n a n d m a n a g e m e n t E c ie n t p r o c u r e m e n t E e c t iv e a n d e c ie n t c a p it a l m a in t e n a n c e D e m a n d m a n a g e m e n t Nor does the report try to uncover the root cause of non-application of CEE in development. This might be ignorance about possible solutions, inertia, lack of incentives, or weak capacity. Whatever the cause, further analysis is needed to understand what actions would be needed to see more widespread use of CEE.
Suggested Next Steps
As laid out in the report's Introduction, the purpose of this work was not to undertake a deep and comprehensive analysis of CEE in the water and sanitation sector but to compile practical examples that highlight the potential for greater CEE in the sector and the opportunities that flow from those. These include improving the efficiency and effectiveness of existing (substantial) investments that governments and donors make in the water and sanitation sector and reducing the investment financing gap to achieve the SDGs.
Put simply, this work provides a "taster" on CEE and its importance in the sector.
As a result, no firm set of recommendations are pro- • Adopt planning approaches that actively consider opportunities to capture capital expenditure efficiencies (CEE) and promote benchmarking of capital costs. • Revisit design standards and target levels of service to be more appropriate for the country context.
• Where appropriate, adopt bottom-up approaches, which engenders participation and ownership of the beneficiary communities and other relevant stakeholders. • Promote end-use WDM through engagement, education, and economic instruments to reduce, defer, or eliminate investments.
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